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Iricdiar:.cn oj erJrh..oC'j!~s ar.d gram~locyres in vitro resulted in mark.ed :'''lj:,!ly

ofcdl membra."'r.es, A/tel 15 minutes irradiation with 10cm waves at 1

mW/cm2 J increased por,:;ssiUIT: c:)ncentrar~n in the supernatant was observed.

This was followed by decreased osmotic resistance 0/ the cells and increased

cell membrane permeability for haemoglobin at higher power densities.

Inj:.u-ies oj the cell membrane function seems to ~ tir.<.e and dose dependent ,

In granulytes irradiated ar 5 mW/cin2 a rapid increas:! in the percentage of
dead cells was seen while at 1 mW/c"'m2 paniclliberarion o/the hydrolases

was the only phenomenon observed during 60 minutes ofu-radiation.

The decreased osrr.oric resisrance and increasedpermeability of all

membranes are probably the consequence ojearlier disrurbanczs in the

sodium potassium pump and are the signs of an irre'lersible b,:jury oj:he cdi

me,'7".brane leading to the death of cells. [86J

Ie. the light of the work mentioned above Slocofnik-Ba.ra.'1ska irradiated cultured

hum~n iymphocytes using, respective:y, 2950MHz at 7 mW/=rJ.2 cor.stant or 20

mW/cm.'2 pulsed 1200Hz l!JSec puIs:. The irradiation was fc~ 4 hours a day at 7

mr:-v/=2 for 3-5 days ~nd for 15 minutes d~ily at 20 rnW/C!':'.2 for 3-5 days•.

Radiofrequency ehposure at 20 InWIcr::.2 induced cnanges L."1 the mitotic index which

depended on exposure time...

. significant differences ;;erween exposed and control:; were seen following 20

and 40 minute exposures. Similar resulLS were obtai.-:!d following 3- 4 hour

exposure at 7 mW/cm2 . The mitotic index was appro:ri."7Ultely two times higher

in irradiated samples than in controls.••• It should be pointed au! that changes

in cJtromoso~l morphology suggesring changn in spiraIisation were the

most unusual finding. [87J

Similar pictures were observed in chromosomes of irradiated rat kangaroo cells by Yao

and Jil~. Th~e authors call such changes nelectromagnetic degeneration of

chrcmosomes" [88]

Phagocytic forms containing nuclear fragments or phagocytised chromosomes were

encountered. Moreover frJgmen~:ltionof nuclei and nuc!e2!' vacuolation were seen.
. .

Certain pict'.lres recalled cells in amitosis. Nuclear bridges were also !lot infrequent.

Tne highest number of chromosomal abemtions was see~ after er'~sure during the



MECH.ANISMS

In the 19605 various hypothesis had been advanced within Soviet science to explain the

physic=l nature and mechani$!:'ls of the nonthermal ef:ects.

Tne chain of pearls theory was one such theory, based on the obse:vation that droplets
of a liquid or solid particles suspended in another liquid arranze themselves into chains

orie:ltated along the lines of force in a radio frequency field. The orientation of the

suspended particles is explained by the fact that charges are induced in them tln~~r

exposure to the field. Electrostatic attraction is wha~ causes the stringing of the'

ptrti~les. It is believed that the chain of pearls phenomena is of nonthermal nature,

since it is weakc:1ed by incrwing the field strength whe:-:upon the temperature rises.

1:1: theory of nonthe:::r.~idenaturation of proteins was first advanced in 1940 by V I

Romp..'1ov. [48] He suggested that polar molecules are not rigid dipoles as was

assumed but elastic ones. This makes it possiole for parts of the molecules to shift in an

e!ec+.rc:nagnetic fie!d. A medium composed of such elastic moiecules would be a

medium composed of resonators. E!ectromagnetic waves could be absorbed in this .

medium if their p~riods coincided with the natural vibration period of th~ dipoles.

Such effects might also occur ~t superhigh frequencies and transition of molcco.lles to

excited states was possible. In the 1950'5 and e:l1'ly 1960's it was proposed that such

phenome:la may also be possible in cenain parts of protein moleeules. Here

hydrocarbon and other bonds might be disrupted as the result of the forced

orientational VIbrations of the pr ~~ein molecules. The hydmtion zone determining the

solubility of the molecules might also change. Either rupturing.of intramolecular bonds

due to reson3.l"lc: forces or changes in hydration zones could ultimately lead to

nonthemal denaturation of the protein.

Russfan sci:ntists thought it ~2.S possible that the action of non-thermal mdiofrequency

fields is brought about with water molecules as an intermediary; vibrating under

exposure to the electromagnetic fields these molecules can p~duce disturbances in the
, . .

stri~Jy regulated rhythm of metabolic processes in the cell which take place in the

aqueous phase. This hyPothesis was most favoured bec1use the nonthe.."IIlal effect of
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Rac.icfrequency caused changes in the perme:biiity of c~il me:::br:mes was proposed by

AS P:esmar. in 1963. (89] Tne medlanism he proposed w~ a change in the scdium

pctassh:..~ pdient in the water that hydrates the protein molecules in the surfG.c~ layer

oe the ceH membranes. Presman'also postulated that electrom:.gnetic 5e!ds "give rise to

reg-..:latory process in the living organism alongs;de the nervoc.s reflex znd hOr.':lonal

precesses, that the means of communication between ce!ls and in interac:iccs of orga:JS

and systems is electromagnetic in nature and that this system might be c:sr-Jpted by

radiofrequency irradiation.

In the West, particuiarly the USh the emphasis on studies cn tissue 3:1d ceIl damage ~y

high-e:-:ergy radiation led to negiect of the occurrence of ccoperativity in biological

systems and the icportant roie it may play in the interac+Jo:lS of tissues wit.'1 non

ionising e!ectromagnetic fields [90]Ad:y, 1990), It also neglec+.ed the well-bown

effect of these fields on chemical interac:ior.s ~nvolving free radicals. Originally seen as

an .in:er:nediary in tissue carnage produc~d by ionising radiatio~ free ~dical

p:od~~tion is now recognised as an acco::lpanirnent to many biological processes

where mechanisms have evolved to minimise any damage it m:1Y cause. Applied

e!ectromagnetic fields, however, c:use rz.ciicz!s that would ot.'1e.:wise re:let to drift

apart or closer together, depending on the strength and frequency components of the

field. Tnis has been shown in the weB-known RYDMR (reaction yield magnetic

resonance) effect which can be demonstrated at radio and radiof::quency frequencies.

Typically, a photochemical reaction is made to cccurwhich will e:nit a d~tectable

fluorescence and modulation of the reaction with an appIi~ electromagnetic field can

be followed by measuring the changing fluorescence McLauchlan and Steiner, 1991,

(91JUlrich and Steiner, 1989).[92] The fields involved are very weak indeed, the

magnetic component being only a few mT. Mclauchlan himself [93](1992) has called

attention to the implications of th1S effect in bio!cgy and medicIne and has emphasised

the complexity of the responses likely to be provoked by these very we~k fields.. A

third, more speculative, mechanism, has been suggested by rmJ:1ger f94](1981) in that,

at fr~que:1cies in the 10 - 10,000 GHz range, resonant vibrativnal or rotational

interactions may occur in biological macromolecules or their segments. We, therefore,

have three possible explanations for the variety of effects observed when cells and

tissues are exposed to low-strength, low-~:-:ergy electromagnetic radiation.
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epigcnetic effe:::s which wouid be j:)ng t:~. Tn: RYDMR eff::::" aD. the othe: :.::.:::., is

likely to be more long-term, invoiving as it does thc possibility of enhancing free

radical-invoked damage to DNA. The vibrational effect is more li!<:ely to ocC"~r at

sharply resona:1t frequencies and'Could have shan and long ter::1 effects by, say,

!nadir-ling the allosteric or the adve sites of ::-.zymes. GriindleI' et sl [95}(1992)

h:!ve ~:te::lp:ed to s:r71thesise these t?proaches OJ' proposing mode!s of a se~uellce of

events beginning with elecr:omagnetic fie!d transductive coupling, based cn magnetic
field dependent reactions, including cytochrome reactior.s involving tra!1sient radical

pairs and t.~e production of further free radicals, such as nitric oxide or reactive

orJge:l, leading to a further highly coo~e!'2.tive amplification ~tep. Arguing from

Frohlich1s [96](1985) model of interactions be!\.veen.an imposed field anc! hig.i

frequency (1 GEz) inttaceiiular van der Poi osdiIutors~ they prcpos~d that im~osed...
f::lds C3I1 b~ ac:ive at intensiti~ near zero.

THEPROBLEr\,iS OF EARLY STUDIES - PARTICUIARLYDOSlMYrn.Y

Early studies on the effects of radiofrequency radiation tended to be dominated by

thermal considerations and, in the case of whole organisms, the experimenml

exposureS were rel:ltively short term. This applied even when athermal effects were

looked for and the literature of the 1960s reported such-research, much of it driven by

such considerations such as the mdiofrequency "zappin~ of U.S. Moscow Embassy

personnel and research about the possibility of using radiofrequency waves in some

way to alter enemy psychological and neurological states in ccvert operations or even

on the battlefield.

With e:'tperimeotal animals both the exposures and the fonow-up were relatively brief

and in many cases it was difficult to ascertain the dose of radiCition actuaily delivered to

each animal. In retrospective epidemiological studies on Oeeup:itionally-e...q,osed

human subjects again ascertaining the dose was very difficult indeed, although·the

long-term element was more satisfactory. Unfortunately, even assuming that the
, ,

dosimetry c::m be got right and the experiments are conducted over a reasonable term,

the!'e is 2J1 inherent problem in \ _l trapoIl1ting radiofrcque:1CY eae:: st"udies 00 animals



s<:.f~:y :!l:lrgir. :lre obtClined by <lc:::inis:::-:::g t::e ag~:!t <It a do~e 2.t l:~t one or tvto

orce:s of r::.agni:ude greater than the dese to which human 'ce;ngs would be e~s::_

With r:.die::eq'.le;:cy waves, u::ronur.:lte!y, s;;::h a dose would be in the low the..-nal

range. In th~ light of this difficulty and of the proble:ns of rerrespective ~uman

~?idemiological studies the only responsible ~u:se to t~ke is to design e:rperiments

\\'i~h cells and tissues to elucidate !=<,ssib!e me::hanisms of biological activity by

raciofrequency waves which wi!! e:'labie info r::J. ed judgemen:.s to be made about L~e:r

effects on human he3lth.

:::tONI PHENOMENOLOGY TO EXPL~2rAT!ON

~"1e 1970s and 1980s saw an inc:ease b t.~: numbers of experiments carried out on
.,

cells and tissues, both in cul:-.::: ~d in inQet a.~imals, where careful ~ttention W:lS paid

to expenmental d~ign and dosimetry. Many of these e:o:pe:ir::::ts we:-e, hcweve:-,

phenomenological. They were designed to aI:Swver t.;.e questinn of wh~ther

:-zd.'ofrequency radiation had b:ologic:31 effec:s. 1'1 oost cases they provided SQ,Ot.'information as to ho\v any effects m~ght have oCCt.'"!'!ed.. Hence., they had little ability to

suggest further experimentation. beyond mere re?lication, and had no predictive power

with respect to t"le lor.g-te=:l effec~ of lo\v pewe=- radicfreque:lCY r:diation on t~e

intact animal, especially Man.

Adey (97](1990) has emphasised the effects of low leveis of e~ectromagneticradiatiotl

on communication between ce!ls (the communication paradigo) and has argued

strongly for mechanisms which will produce epigenetic effects giving rise to long

lasting alterations in cell function. The-arguments put forward by Adey [98](1990) arc

drawn from a series of reviews and original papers published by Adey in the previous

decade (Adey, 1981a, 1981b, 1984, 1986, 1987a, 19870, 1988a, 1988b, 1988<; 1988d

and Adey and Lawrence, 1984 and Adey et aI, 1982)[99-'112 Jand show clearly where

the gaps in our knowledge lie and attempt to build a thecretical framework for further

studies.

It should be noted that there was sufficient interest in the field for a special journal

Bioeiectromngne!!cs to be estabiished in 1979 and there is a Socie~ for

Bioelectrornagnetics. It niso should be not~ thnt ~thermnl, pu!~erl ~iedromDgnetic

r:ldi:ltion lms nlr-e:ldy be~n put to prnct!c:ll use In !:loiecu::lr- bIology.



Z:ec:roporntion n;vdiec:zek, 19~2) :s ::. pulse tec:mique w1~ich trn:i:iie:1:1y rer:cers

DNA or to int!"Oduc:~ RNA or p:ootebs.

b t.'~ pap~:s published on well··!~fined experimental systems since the late 1970's a

:,:..~ge of effec:s of electromagnetic radiation has been found b ciiff~ret biological

sJ's:ems. Griind!cr ~nd his colleagues first described the Ilonthl:rrnal cff:c:s of

oillime:re waves on yeast growth Griindler ct alt 1977;[113] JGcUnd!:r a."ld K~iIman,

1978)[114] and subseqi.1en~ly showed that r~ona:ic:' effects oCC"..lrrec at a sharp peak

at 42 GHz io their system Grund!:r e: aI, 1983;[115]Grendler and K.eiim~ 1983;[115]

G~Jndlerand Kaisert 1992)[117]. Ef:ec-.s on cell groWd1 were observed even at le9/els
as low as 5 picow·/cm2. 'T:~ey suggested that their results could be eX?IQined ifye3.St

ceils contained one or I:'1ore active intemal oscillators that ar: no::n~nycoupled to cell

g:j°.vth in an '.l."lknown ma~ne:'t but which ~r: interfered with by an exte~!

e~ectreI:l~gnetic field. It ',vouid be of i::::::st to see if Gdindl::'s studies could be

re?iicated with higher :uc:ryotc ceUSo.Furth:::nore, it is tempting to spe:-.llate t.'lat the

si!~ of these o~cmators could be the rn:tocho~c.:a and that they may be connected with

the' processes of oxidative phosphorylation which produce free radicals. It is relatively

e~ to work with isolated mitochondria .and their enzyme systems and these should be

tested for radiofrequenc'j sensitivity.

Damage to mitochondrial DNA by the free radicals produced during metaboJiml has

been suggested as one of the molecular bases of aging. If the McLauchl~, (1992)

hypothesis that the RYDMR effect might occur in b!ol~gica.! systez is correct we

should.also be looking for changes in mitochondrial DNA after exposure of c:Us to

radiofrequency fields. A suitabl '. ~ystem would be a ceU Hne with disabled DNA repair

mechanisms.

Interaction of electromagnetic fields with trans membrane sign~1ing rne;:hanisms,

particuJarly those based on Ca++ transport has been widely studied. Much of the worA:

has be!'!o done with low frequency fields, but effects have also been democstrGted .

across the radio frequency spectn.."Tl in a number of tissues. Blaclc:man et al

[118J(1979) found an intensity window in the range of 0.1 • 1.0 InW/cm2 for the

alteration of Can effi.ux in cultured n~urones induced by 16Hz sinusoidally ~plitude·

modulated RF fie!ds. Di.1tta et al [119](1984) also obse:ved that unmodulat:d

radiofrequency fields ofsimilar intensity were able to induce ea++ efflux from

cultured brain tissue. Lin-Liu and Adey (1982) confirmed that low frequency



ar:;~iitude-modulClteci r:.dicf:equency fields could change Cz.++ effie:: ntes fro=n

SV;::l:::::csc:nes., .

Adey (1990) has argued th:.t many of the observed effects on trans mer::.bran:

signalling
may be due to electromagneti:::: fie1d-induced impairment of signal tta!lS6Iliss1on

through g:ip junctions. In this cdnnec:icn he quotes work by Fletcher et al

[::'20](1986;1987) who noted that blockage of the entry cf a-lymphoto;d!'lS and tllInour

uec:osis fac~or into C::inese hamster ovarY cells de~ended on the st:1lin-<ie=ende~t.. .
abiiity of these cells to form gap )lInctions. They found that the tt:.mour promotor,

te!r.l-decanoyl phorbolester, opened gap ju..'"lctions to allow entty of the lymphotoxin,

which caused dose-dependent cell death through lysis. We:l~c fie!ds at 450 MHz with a

st:oength of 1.0 - .

5.0 mW/cr:J.2 sinusoid~l~y ::m?Jit'Jde-modu!ated at 16 Hz e::hanced by a factor of 2
\., -,

t••e

ability of the promotor to cause cytolysis in the presence of the lympr-otcxin. The s~e

field, ur.modulated did iiot c~use :nhar.::::err::nL

Ext:":1po!~tion or st'~c:es on C:~::S l1nd~:ss::es to l:1tz.:: org::m!s:ns - fmpH~~ioi;.s fer

setting stnndn:-ds

We disC".lSSed above the cosimetric ?roblern of extrapolating the results of

radicf'requency exposur~ studies from experiment~l animals to human beings. A simHar

fundamental problem existS in e:rn<:lpolating from isolated ::::1;$ and tissues to intac:

organisms. If on: is seeking to compare effects on a target org:m of an animal with

data collected from cells of that organ in ct:lture one has to be abie to relate the dose

received by the orga~ to thz.t used in the culture study. Unfonunately, the absorption.
of radiofrequency waves by the body increases with increasing frequency and the'

attenuation of the energy is high::- dependent on both the diel:ctric constant ~d

specific absorptive properties of the anatomical SL"Uc:Ures lyin'g between the surface

and the region of interest. For practical purposes radiofreque.."'!cy radiation is 99.9%

attenuated at an average depth in th: body eq~al to 10% of the wavelength. At 300

MHz this depth is 10 em, at 3 GHz it is lcrn and so on. At the higher frequencies it

will be possible only to achieve pice W levels at the intemal organs of even a small

animal at the expense of some surface he3ting. Of course~ even in a large animal, such

as Man, the:-: are some important tissues that lie dose to the ::urfac:; the testes, the.
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relatively e:lSj' to cont.ol LJ,e geometry of the ir:-adiating ch::m:be:: fer the fo~e:f rigid

g:ometry is or.ly possible for the latter if they arc kept under restraint and or

ar-aesthesia - rr:.ethocls which are m:i!cceptCioie for long-tcml e:'C?e~e:l:S. For all of

these reasons it is highiy desirabfe that a large safety faccor be built into exposure

s::m6rd for human beings :md, in view of some of the ir.-vitro findings, that thc

s~~dard be very conse:vative for pulsed and otherwise modulated sources.



39

RADIOFREQUENCY SICKNESS; IMPLICATIONS FOR roSK

~1A.NAGEMENT

As the lists of electromngnetic rndiation cancer litigants rapidly grows in the w~t it is

worth looking back at the work'cone in Russia which estabUshed the lconc:pt of

R:!diofrequenc"j Sicmess.

In parallel with their laboratory studies Soviet res:archers carried out a number of

controlled health surveys amongst workers exposed to radio.frequency radiation.

Two groups of exposed workers and controls were studied by Sadcikova. The

e:\POsed workers were split into two ~oups de?:~ding on the iz:tensity of the!! wcr~

e,:posures. Those lOCO workers in the first group were e~poseci to radiofrequencys up

to a few mW/cm2. The second group of 180 workers were c~sed at lower

intensities which as a rule did not exceed seve=-al hur.dr:dths of a mV/lcm2.

In both groups of IOldiofrequenc,"! expos:d woricc:-s the res-Jlts of neurological ar.d
c:.rdiovascu!u t~ts were sigr.ificantly differ:nt from the controls..'There were more frequent com~.!~!nts of tiredness, irritability, anxiety, partial loss of

memory.

In both groups ofe:r:posed worken att~ntion 'w~ drawn to varia~ autonomic

vascular changes inhibited or e::pressed dermographism instabi{iry ojpulse

and arterial presswe increasing during j'uncrionalloading tendency to

bradycardia and arterial hypotension. Func:'i.or.al thyroid changes with

increased activity occurred not infrequently. Predominant complai.'1ts

concerned cardiac pain... the heart sounds were dull and functional systolic

murmur over the heart apex was present.

El~ctrocardiograpJzic examination re..,ealed minor disrwbances of

intraventricular conduction sinus bradycardia and moderate lowering ofT

deflection. In some cases ",.ore pronounced c::ses ofTdeflection were

observed( lowered smoothed or negative T dt!fJ!C!io.n) in left chest leads

accompanied by minor downward displacement oftJ:e $-T segment withour

conspicuous changes in its shape and by i.,creased durari.on ofelectric

ventricular systole

In a nUJ'7'tber ofcases these changes in T deflection 'Were combined with

bradycardia and deceleration ofintrave"%lric~la'" condz.u:tion which taker:



together wiz.h comp/aims of Jte!1r~pai.'t ami i:j'p~r!!71si:ve r!!!1c:i~;:: led !~ !r.~ii

b!!it:g take,. for mj'oc~rd.ial /(!sions o.~ rr:ar.!fesra!ions ojcoronar}' spasi'l'_

Autonom£c vascular cJlu"t.cres in persons ofUte first group, exposed periodically

Ul the pas! to radiofrequ(!!'tC"Js oj higher in!e1'.!:!ies had vagotonic as weI! as

S'jmpa!h.icotonic cr.aracru while in the second group they were predominar.tly

sympathicotonic.

,A tendency :0 cytop'!r.ia was observed in the firs: group yJi!h. longer durarion

ofemployment. These people showed signs of a qualitative deterioration of

erythrocytes, with a tendency to spherocytosis and an increase in acid

fragility. Decreased numbers ofmature cells of the llzwrophilic seoo and

sig19.s ofstimulated erythropoiesis were noted in bone marrow s::-.ears.

wmi:uznor. ofordinary bone marrow smean and ojmeraphase plate did not

reveal an ir:creased frequency ofchromosomal aben-atwns by comparison

with conrrois. [121J

Sadcikova identified t~ree stages of radiofrequ:ncy sickness; 1. initial, 2. mcde.."'ately

advaIJ.ced, and 3. advanced with the following main clinical sj'':1dromes asthenic (loss of

energy and strength, chronic debilitated weakness,) asthenQ-autonomic with "ra.scular

dysfur.ction of hype~onic type (chronic debilitation with angina pam, raised blood

pressure and dysfunction in the group of nuclei whic.~ exert control over autonomic

fl.1nctions; water balance, regulation of temperature, appetite and food intake, sleep and

certain endocrine functions inci'.·rling the neurosecretary control of the

adenohypophysis (anterior lobe of the pituitary) and neurohypoph)'Sis (posterior lobe

of the pituitary gland)

In advanced cases autonomic vascular disturbances dominated, aisu of
cerebral and coronary insufjicieru:y progressed and de..,elopme11t of

isdJaemic heart disease and hypertension was observed. [122]

Klimkova-Deutschova descnoes the findings among workers from a neurological

assessment method which investigated the functioning of the exua pyramidal system

th:l.t is the corticospinal g3ngliCl modulating the background activity of the motor

system. "This method was developed to evaluate and detect e3rly signs of disturbance iil

the brain and nervous system. 530 workers from a wide range of industries where
, ..

exposur:s to mdiofrequency radiation was a feature were examined. This included

metal and plastic w~lciers, television iechniciil.'1s, radio trWlsmitting station workers,
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Tnere was a statistically significant increase ~:l subj ective symptccs reponed in

wod~::s e:q:csed to C::l WClves emdone of the f::lcings of tr.is work was fati~e,

particularly :lmong the radio trarlsrnission workers

There was a statistiC3!1y signific.:m increase in the objective ~ iiilS of autonomous

nervous system disturbances in the radio workc:s and in wor..:~:s in rese:l.!i:h

institutions where exposures to frequencies covered the frequ~ncy ba."ld betweeu

3GHz to 30GHz and also in factory workers whose exposure was to wavelengths from
3 -13 em. Cerebellar symptoms (motor coordination effects) r.ppeared in l"le res~arch

and factory workers. [123]

R.c...DIOFREQUENCY SICKNESS IN THE WEST

Although radiofrequency sickness was first recognised :s a synci-ome in the former

USS~ and E~tem Blod: countries, the first case of :3diofrequency disease to be

recognised in a workersl compensation jurisdic:ioD in the west was the case of a NCON
Yor!::: Telephone Company technician Sam Y2.lll-"on. Yannon was the radio technician

assigned to the tuning and aligning of radiofrequency equipment in the television

transmission facility on the Empire State Building. He work=d in this job from 1955 to

early 1968 when 2S the New York Workers Compensation Appeal Board, in reviewing

a 1981 decision following an appeal agai!lSt granting compe~.sation noted;

flat the age of57 he began co suffer a drastic deterioration ajhis hearir.~

sight and coordination to SUdl an extent that M was :mabie to perform his

duties and he was placeci on disability leave. He was :-etired on]uly 1971 and

died three years later after a long period o/progressr.:ve physical and mental

deterioration. The hospital records indicate that he suffered from an organic

brain disorder or a degenerative central r;ervous system disease o/unknown
aetiology~

The decision then goes on to review the case and the evidence ofoCC'..lpational disease

before stating;
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nece:::ry causa! re!~liol".ship be!".t,:~er. ihe d.cc~der.!'s e=poswe to

raa:ofrequencJ rcd:ario:I, the deve!opmenr of !he occupational disease ar.d .ii.!

ultimate aea:}z" [124J

7:'1e:e have also bee:! a number of other suc::ssf'Jllitigants iz:c!ucing a sccc:ssful dass

a=:ion against Boemg Aerospa::: for work:rs e,,"?Osed to radicfr:quenc"j nd!a:ion who
'-: ••/.l"""e,.l l-.,l-e-l'a\,,;, ....... 'W.:- ;"J. ....._.~ ..... •

This litigation must be looked at in the A:r.ericao ccnter~ 00 the one h:mcl, the centrol

af environmental and workpi:lce ~la.zards io the USA is consid~rably less prescriptive

than in Europe and elsewhere. On the other, it is easier for inj"Jred p1J."1ies to resort to

legal actio~ often re=:iving punitive damages which are set by juries rather than by the

courts. It r.a:; be~n argued that fear of e~pensive litigation results in effective self

r:~':!il~ion and tb~t, notwithstanding the ccczional spectacul~ iwards, the system,
overall, !s less costly and cumbe:some than the enactment and enforcement of detailed

regulations. Against this, it would seem morally repugnant to many non-Ar.leriC4JlS

tha(somebody has to suffer injury, compounded by the trauma oCa court case in order

to set a de facto workplace or environment:!! sundard. These ~rgumentsare

particularly relevant to nttempts to harmonise the Aastr:lIlan standard of

r:diofre~ue::cj'exposu~with the fllr less stringent IEEE r.:lndnrd.

Notwit."ts:anding L,e efforts of:l few legal firms it is much more difficult for
Australians to seek redress through the courts for injury caus~d at work or by

environmental pollution. In the absence of a contingency fee syste:n many would-be

plaintiffs are not even in a position to seek advice about their rights, let alone go to

court. Even if the individual does this and is successful, there is no provision for

punitive damages or c!ass actions so that this success will not necwnrily be a spur to

self-regulation. Therefore in·n legol system, like our'S, which does not permIt

contingency fees, punitive dnmnges or cl:ss actions there Is a morn! responsibility

to set workplnc::: cnd environmental st::mdurds as conse",~UY~!yas possib!e and

not to follow U.S. pr::ctic:e.·



,
... oJ

~O~7Ar~STANDA~STOEESET

TZle c-.::::nt p~radigm ~sed in star::uds settir.g is still fu~d:lIn~r.tany l~e the:r=:~i !rood:l

which has been refined wit.' the deve!opmer.t of the concept of the Specific

T:~: method is not fool proof. 1-.5 was dis~sed earlier in this paper t.~er: are very

diEere:1t absorption r::.:es within layers of tissue. Adey warns that;

Caution is desirable in eva!uati.....g the use of the SoJ..R i..: terms of averaged

values. A major issue is the Yirally imponcnt question oj levels ofenergy

depositior: at interfac~srepresented by tissue d£.scont:u.r:es, rJ:ese may be

str'.lc::.ually gross and mccicscopi=:::s ~r the interface be!".IJeen muscle fInd

bone. They may also occur in a microcosm of molecular dime~.!io;u as at the

t:uzrgins ofmacromolecular domair.s on membrane surfaces. In either cze

they might be apected. ;:: be the SItZ of enhar:ced e1U!rgy deposition not .

effectively modelled ir. tite geneial s'AR concept and ever: less in the QVer~ged

SA.R

Local elecrricalfields o/up:o 100 times larger than average field.! can be

induced around microscopic wedge shaped boundari=s berwe!ll ngions with

different dielectric constants likely to be present in the nwnan body. [l25J

There is also the problems associated with the results from animal experiments to test

the safety of the SAR fer the standards adopted in the USA. Dr Arthur Guy the

Director of the Bioelectromagnetics Laboratory at the Wash:ngton School ofMeclicine

and his colleagues microwave imdiated rats in a long term study funded by the

USAF. The rats were exposed rats at a SAR of 0.4 W/Kg for 5 yean:

The US EPA assessed this study very carefulfy requiring data on each anim.al .~ be

provided to independent assessors. The EPA agreed with the original investigators that

the incidence of tumours at anyone site was not remarkably larger than commonly

observed in other colonies of this strain and went on to state that their independent

data analysis had d~veloped the following conclusions:

The incidenc~ ofbenign ?lte~c.1romocyiomas of:he .'1drenal medul!a was

·significantly higher £r. the microwave-exposed group than in controls, bur tm



i.-:c:da."!ce was nar remc.-bbly higher tllan. ir. c::mrroi gro~ps ojother Sprag!!e

Dc:w!!!J .-::: COiCllics.

No other single rype of tUIT%OUr was significantly incr~ased by the pulsed

micrcwa·.;e trzarmenr.

The ir..cLaence ofcarcinomas aione and combined carC:.nc:;mas and scrcomas

oj d!.sites combined is statistically significant aroci. higher in the treated group

tita.'! in comrois.

:ile incidence ojmalignant tumours in tize endocrine and uocrine glands as a

group was significantly higher in the microwave exposed group than it:

controls. However. the incide.'1cz ojbenign tumours ojthese organs and t.'t;e

incidence of total benign and l7U11ignant tt:mOurs were not elevated in tu
cpos:d group. Glandular tumours here consist ojadrenal corra, adrenal

medulla, thyroid, Ii..,er, pirui:a.'7, test!s, ~pididyr.:is andpa.'lcreas. [126J

.T~~; is not th~ :;!'e of ::::equh'oc::J :nci s::lfe r~!.i!t to ccnr:de:l"tly b:lse 9 humnn.
ex?)S'.J:'e st~nd:lrd or..

In thl~ US EPA r~..iew of Guy's work it is stated:

The University of1Vashington study done at a power density lewI carefully

calibrated. to simulate hwnan £;..-posure at the mczxinu:m level allowed by thB

ANSIstandard, showed the indz.:ction ofbenign adrenalpheochromocytomas

in the exposed groups and no statistically signijicrznt elevation at any other

site. There is a slight elevation in carcinomas in ,adt ofseveral other

glandular organs (pituitary, thyroid, adrenal carta, pancreas, ~es and [.Pver)

which is staiistically significant ifthey are all considered as single group.

Combining tumours aaoss these glandular organs is justifiable on 1M .

generalised hypothesis that EMF'S affect all tissues in the body and that t.~ese

glands being specialised to respond to small amounts ofspecific circulating

hormones have cell membrane receptors whose funcrion could be affected ~y

ion currents induced by the ezternal fields...
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Therefore regardless of which range of freq~ncy .:omponents is biologically

effective there is a valid rationale for combining tlIe twnour r;pes as we have,

done and the Universirj ofWashington study can be said to have

demonstrated tlte carc'inogenic'action ofthis rype ojpulsed;ua radiation.

[127]

The:e is doubtless room for argument about t~is interpretation of the results and in,

another section of the EPA review dOC'Jment arguments against combining cdoc:riI:c
~urnours are canvassed and it is acknowledged that

more thaT: one reviewer found it to be ccessive/y speculative. L-: view oj

these op£,ions we c::mcl!..uie thar willl our current .bowled:! there is no

persuasive reason based on established laboratory,findings to combine the

tumours ofrJrree g!cltds fmo a single group. The conclusion is that lhe findi::g

ofa stc:isdcally significant aces! oflnaligncnt twr.ours in all erraccri1!e and

exocrine glands as a group furnishes only minimal evidence ofcarcinogenicity

[128]

Tne bottom Une rt!moir:s thLlt It these n::cings do not provide us mth n
convincingiy s:lfe basis for c hI:mt::1 exposu~ s~ndard.

The mnximum permissible l~vei In the US 5~nd=rds UTe thus not convincingly

s:1Ie nnd C:lnnot be nccepted IlS the basis for nny incre:1::te In the current levels or
irr:1di:1tion allowed in the current Austrnlinn StnndnnL

OTHER ANIMAL EVIDENCE OFCARCINOGENICACl'IVITY

Prausnitz and Susskind in 1962 mic:owave irradiated mice using 9270 MHz
modulated with 2 microsecond pulses at a pulse repetition rate of500 pulses per
second. The power source was a radar transmitter. A daily irradiation lasting 4.5

minutes at an intensity of D.! mWlcm2 was used. Two findicgs.ofsignificmcewere

reponed. An excess of irreversible testicul:lr degeneration (atrophy with no sperm) was

found in the irradiated group and secondly of the animals which died during the

experiment there was a signifiC<lnt excess of leukemias. [129]



A more recent and we!! conducted piece of anima! r~ea!'Ch to assessL':e
• •• ~. " ,: • 1'1 l- ~I., T.l :'.'" ".s·--_I.·-c:l:,c:noge:'!lcl:-/ C~ ~lc:':J\'la~/e r'lc:nt:on "..vas ca!7:~- wy "••e • O~!~u ... w"iol.wU_.

Szmigielski. The BAT ~/c mice were irradiated 2 hours a day, ror 3 - 6 months using

2450 MHz. microwave radiation at power der.sity levels of 5 and 15 mW1C":!'.2.

TJt~se irradiarions r~SUllf!d'ill accelerated appearance and growth ojskin

neoplaslToS induced by benzopyrene suggesting a tumour-promoting activity

related to long term e::.posure to low le..,el MlV fields. E--posUTes at 15

mWIc.r:t2 resulted in jest!!,. appearance and d2"1e!opr.:~nt o/tumours compared

with both 5m~i'/c:r.2 and controls. Ez.,'Oosure o/mice w2450 JtfEz at tlZI! scrr.e

power densities for 1-3 moths resulted in lowering of the natzuaI

antineoplastic resistance ofche animals I as measured by the number oflung

nodules (neoplastic colonies) formed after intraveno:.:s injection ofa tittered

nlLwer ajviable sarcoma cells. The results obtained after e:::poszue o/mice:o

24S0l'I!Hz clearly indicate that irradiation at iSmWIcm2 (SAR of6 - 8

mU'/cm2) resulted in a si.gnificantly iltcreased nwnbe;- of lung nodules. The

increases were also significant ct 5mV/IClr..2 c::mpcred yJilh control c;U.wls
but the scme effec! was /0Wtd fo llowing confinement (over-<:rowding) oj

W1c:.oos~dmic!! a kr.own stressor for mic~ a.·ul used nl?re c.: a por.tive controL

[130]

The precise mechanism for tl1is tumour ?:'Cffic:ion ac:ivit'J was net d:scc·,:red

:Lid further work involving possible mechanisms is in pro~.

Szmigielski has however confirmed aceeiera:tion of tumour development in microwave

aposed mice in two further sets of experiments with mice using two diff'erent

carcinogens, di -ethyl-nitreso-amine (DENA) and n:ethylcncl:mtrene.

As far as DENA was conce:ned

a significantly shorrer sun;ival time and earlhr appearance a/tumour growth

and appearance ajhepatic neaplasms was observed :n the uposed animals_ .

A similar ac~eleratian aj tumour growth and appean:i1c~ was noted after

administration ofmechylcholanrrene.

lJ'ice were injected subcutaneously with a single dase of this carcinogen,

leading to development afsarcomas in 3-4 months.

In groups ofanimals exposed to 2 hozus daily from 1hz day ofadmirtistrariar

a/merhylch.olanrrr!ne the sarcomas appeared L"1 about 2 manths and grew

faster. [131]

In another experiment Szmigielski tested the reaction of mice to sub carcinogenic

doses of 3,4 -benzo-alpha-pyrene (BP).
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Mic~ were depilated and the skin on the back was pa:n!~d every day witTz

O.Olml ofSP dissolved in a benzene· methanol mixture. Prior :0 paiming I

the mice wer~ e:::posed to for 2 hours to 2450 MHz microwaves at 10mWIcm2 .

Mice treated with BP and without microwave exposures served as conn-ols.

The suO carcinogenic doss ojEP (the dose leadi"g :0 the appearance ofski::
neoplasw in 10 • 20% ofthe animals was es:ablished in earlier trials. A daily

dose of100Micrograms (0.01 ml of1% solution ofEP) resulled in the

development ofsian neoplas11'oS in almost all mice in 4 ·10 months, while 3

and 10micrograms (0.01 ml 010.03% and 0.1% BP) respecrrJelyapplied

t'Nice weekly led to the appearance ofneoplasms L"f about 15 % ofthe treated

mice. Thus a subcarcinogenic dose ofEP was establisMd as 10miaagrams

t'Nice weekly and this d .'.,;e was applied in mice e.zpcsed :a daily sessions af
2450 MHz microwave expos!U!S. It waslou.,d that L": microwave e:::pased mic:

treated with sub carcinogenic doses olBP 40 ·50% of ani;nals exhibited skin
neaplasrroS compared with about 15% in those treated with BP alone.

The increased frequency ofskir. neoplasms L"f microwaYe e:r:posed mice treated

widl sub-Ctlrcir.ogenic doses otEF was qualitatively different from the earlier

discussed acceleration ofappearance and growtil a/neoplasms induced by f.dl

carcinagenic dos!S ofBP and other carcinogens. Although it still must be
confirlMd, the increased frequency 0;neoplasms after sub Ctlicinogenic doses

ofBP and aposurf! ofmice to microwaves indicates that long term apOSUTe

in non thermal MOll fields may promote devdopment o!neoplasrroS that

normally would 1:or reach the clinically detectable .r.age, independently of:}:e

r.:.nderlying mechanism.

In summary) long term exposure ofmice to 2450,'Jy{Hz microwaves resulted in'

acceleration ofthe appearance and growth oftumoun initiated by three

different carcinogel'oS, and a higher risk ofC!1ncer development in animals

aposed to sUb carcinogenic doses ofinitiators. tM results suggest a tumour·

promoting activity of the radiation but the cause oftlI!Se phenomena still

remains an open question. [132]

Szmigielski stressed that 2450 ~ ..~z is the resonant frequency for mice and the

situation may be different in larger animals :lnd human beL'1gs. Nevertheless evidence

or Decelerated development of cancers following micrownve exposure is hardly II

sound basis Cor increasing the pennissible exposure limits by n 10.



Looking beyond the animal evidence suggesting a cane::- promoting actiVity of

r<l.diofrequency w~ves ~:;~re are also recent human pop~lation stcdies in which fir.di~gs

of elevated cancer ;::tes have been associated with exposures to the raCiorrequeccy

part of the spectrum.

HUMAN EVIDENCE OF CANCER PROMOTION ACTIYITY

Robinette and Silye:man studied the long term health out=cmes ofUS Navy personoei

exposed to radar.[132] No significant differences were found between the high and

low exposure groups for malignant neoplaSms as the cause of hospitalisation and or

death.
However when three seo-groups of the high exposure group were developed to

provide a gradie~t of potential e:cposure, a trend appeared fer inc=eased number of

malignant neoplasms of me nervous system in the sub grOup rated as highly exposed.

Strong~r human e",ide:1ce of excessive cancers :unong microwave exposed person..~e!

comes from two Polish studies conducted by Dr Stanislaw Szmigieiski of the Centre

fer Radiobiology and Radioprotection in Warsaw.

The first of these studies was a retrcspectives stUdy on neoplasm mortality in Polish
military career persoQel. The total population of career serlicemen was analyzed and

a sub group of personnel oCC".Jpationally~ed to mic:owaves and radiofrequency

(on the basis ofs~ce records) Was developed.
The exposed group amoWlted to 3% of the total miliuzry population. me res:,
97% were considered as subjects without c:posure.

The aposed group was composed ofptrsomul working on production, repair

a.nd use ofdevices emitting microwave and radiofrequency radiation, as wtIl .

as those engaged in teadling and rese"ardI with use ofmicri1wCIWs and

radiofreqw;ncy radiation.
The accwacy ofoccupational exposure in the exposed group was determined

on the basis ofpast and ewrent service records, and on medical records which

contained tlIe results ofperiodic e:raminarior.s that were inrroduad III Foland

in 1968 for all servicemen exposed to these forms ofradiation. The aunt of
daily exposure, power density, frequency and rr.odlllatior. varied with each

individw:zl in the exposed group. In general exposures to various tjpes of

radar radiation predominated but exposures to extremely low freqUl!ncy were
also noted. For microwave radiations, a typical erzX)sure was estimated as 4 

8lloUTS daily at power densities below 0.2 mWlcm2 (safety zone according to
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rules operaring in Foland wirh incidental (several minutes daily ezposures at

0.2 -1 mWlcm2.

However mainly in personnel workir.g on prod:.;.c:ion and repair ojmicrowave

devices, incidents ofshort lasting exposures to higher power densiries

(estimated up to 10 - 20mW/cm2) were reporred. These exposures resulud

from defYing the safety rules and were difficult to evaluate. The high inunsity

exposures were more frequent in the 1960's, when the safery niles were notyet

strictly enforc!d but srill occurred in the 1970's, despite awareness ofthe

possible hazards of MWIRF radit:tion. Thus in pracria it was not possible to

estimate precisely the intensity o!MlVIRF exposures for the whole uposed

group d~ to large individual differenCl!s. We divUkd the cposed subjects

into 5 classes, below 2 years, 2 -5, 5 -10, 10 -15 and above 15 yean of

e::::posure.

Analysis of cancer morbidiry waS peiformed fOi 1971 -80.

Twelve ldnds ofneoplasms were difjerentiate:I andlor neopltzsms origi.m:ting

in the hemaro-lymphatic organs 6 types ofdiagnosis were iznaIysed.

In the c:posed group which was aboU! 3% 0/the total popuItzrion about 8.8%
ofall the neoplasms appeared _. This means tJuzt 1M fref/'.ltnC'j ofMOp/emu

was about 3 fold hightr J:an e:::peczed in the aposed group (P < 0.05) The
morbidity rate for the non t-'jJosed group was 64.2 cases ofvarious neoplasms

per 100000 per year at all ages analysed wldk in the exposed group it was
192.2 cases/lODODO/year. Organ localisation a/the neoplasms r~aIed that
the differences between e:::posed and non aposed tkpended mainly on the

higher number ofn~oplasms in oesophagus, stomach,.colo-recral region, sm:,
thyroid gland and most ofall neoplasms origil":atingfrom hemaro -lymphatic

orgar.s. The morbibiry rate for all hemaro - lymphatic neoplasms was formd to

be iA cases/~OOOOO/yearfor the non exposed group and 50.8

casesllOOOOO/year in th~ exposed group, the last being about 7 tir.:es higher

compared with the non exposed group._.

Because hemaro-lymphatic malignancies were the most frequent diagnosis in

the exposed group we analysed these neopI.asrr.s in more detaiL

It was found that in tite exposed group a higher frequency of fymphatic
sarcomas and other lymphomas but nor malignant lymphogranulomatosis,

aco.lte lymphoblastic leukemia at a younger age, and e!zronic and acute

myelocytic leukemias were found, while the marbidity rale for wonic

lymphatic leukemia, as well as for malignant iyrnphogranulomato~.s did 110t
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differ for all age grou.ps but appears earlier in the exposed group ar age 40 

49 ins:aaa of50 - 59.

Analysis ofthe morbidity rates for the four developed age groups (20 ·29, 30

- 39, 40 - 49 and 50 -59) showed that the largest diff~rence occured at 40 - 49

ygars. In the non exposedpersoMe~ th~ freq~ncy ofneoplasms (al! Jcinds)

did not reach 50 cases/lOOOOO/ year while in the aposed group a rate of

about 3501100000lyear was foun.d. In all other age groups the diffeT!r.c:es in
morbidity were also statistically sig~ificant, but not as spectacular as that in

the 4049 grot.:p. There was also a high correlation ofperiod ofe:rpos-wre to

MWIRF fields with thg morbidity rate ofneoplasms and with the coefficient of

linear correlation for all cases ofmalignancies all 'age groups, ana allpe

class~sofperiod ofexposure ( r =0.87) . The rela::..on ofcancer mDrbfdity

rate to period ofaposure is best seen in the 40 49 year age group w.lsere

there were about 70 cases/lOaODO/year for those workir:g in }tfWl&T:

environment for 2·5 years about 390 cases/lOOOOO/year for those working 5·

10 years and about 450 czesllOOOOO/year for those working 10 ·15 yeaTS in

the fi4/ds. A relatively lower morbidity rate in this group (40. 49 yefln) for
personnel working aboVe 15 years i,., the lltfW/RF ellW01l1Mnt about 270

case/lOOOOO/year seems to result from two causu. First, rr.ast of the Perso1L~1

at tJ~ age of 40 -49 had a 5 • 15 year period ofexposure to MWIREs, and
thus the group with cposure duration more than 15years was re!arively small
in terms ofcancer mor,.::.diry rates. Sec~nd, ar age (0 -49 many subjects

avo~d work with MV?/RFs and moved to other duriu (commt1nd,

administration) and, although .rtiIllisted in the uposed group due to past

cposures, the exposures no longer continued.

In swnmary, from a retrospective study thar covered a large and well

controlled population with a mOWn population ofsubjects, and that 1ad a

relatively long period ofobservational (1971 -80) the following conclusiDns
may be drawn..·

The risk ofdeveloping clinically detectable neoplastic disease was'about tilree

rimes higher for personnel exposed occupationally to MWIRF radiations. Tite

highest risk appeared for malignancies' origiruiring from the hema:o •

lymphatic system (morbidity 'about 7 times higher). Other more frequent



nec;plc!:r.s Y.'~ie luc:1:ed it: :he alimentary rr~cr and ill ski:'. (incl!.!ding

melanomas).

The highest riskfacrer of c~ncermorbidity related!o occ:lpational e::q;oswe
to JYlVllRFs aDoea;-ed for s;:bjecrs at the age oj40 -49 who /zad a 5 -15 year. ~

period of e::posure

Morbidity rares ofneopl~ms in personnel exposed 0 ==:.rpationally to lrfWlRFs

showed strong correlation with the period ofexposure

Neoplasms of the same localisation and or type developed earlier (by about 10
years) in person.'t,eI exposed occupationally :0 },{WIP.Fs than in those not
working in t,ie MWIRF e.,vironment. (133]

Szrnigiels!d describes these findings as intriguing and distzub:ng for epidemialogi.s~,

medical officers, as we!! as for society as a whole and goes on to ac!alowledge L"lat

there are limitations in this resear~,:

despite the corre!ario,.zs found and the correlation co -effiecie::ts, they do not

provide certain evid~nce ofa causative relatiorr.ship between the effect and the
factor investigated. [134]

Szmigielski comme~ced a prospective study of the same population in the late 1980's

In this follow up prospective study still running at the time of writing Szmigielski

reported,

Preliminary results available after a 1.5 year period support oW' earlier

findings from retrospecrL'IIc studies, indicating higher :r.orbidity ofall

malignan~.es especially of c(!rtain forms of Ie!lktmia a,...d lymphatic neoplasms with

relation to duration and interr.siry of RFIMW expOSUTI!. (135]

At the three year mark he again confumed th: increases in ca:lc~rs among the e:-q:osed

personnel.

Thus, it c:lnnot be prudent to propose n ten raId incrense :n the allowable

exposura limits nn.d to gener:lIiy mllke stnndllrds less strl:ogent in the light or this.



GENE!:t~ POPULA.TrON S11.TD!ES

There have been ve!'j' li~it:d attempts to study a re!ationship betwee:l rac!cfre~~e:.cy

radiation and :!evated c:!!!c::: ~tes among the generai population. 1he proble::1s of

se?:l!1lting out other c::mtributing agents are considerable in s~c~ s~ucies out whe:i: it

has been carried out, significantly elevated cancer rates, le:.:ke:nias an~ certam

lymphomas, ha....e been found in populations ih two states of .'\merica, Hawaii and

Oregon, in popuiation ce:.sus tr:lcts which have TV and PM radio broadcasting

anter..na located in t.~em. Populat:on Census tracts which did r.ot have any suc';

broadC4lSting antenna did not record any excess canc;::s.(136. 137 ]

In the face of these further human findings I say yet again 1: C"JIlIlot be prudent to

propose a ten fold increase in the radiation exposure limits for the general population.

Indeed a reduction in e:tpcsures for the general population was considered desirable by

CSIRO's Dr David Hanway when the standard was first promt:!gated and with the

passage of only a few ye:lIS may have alre:1dy been vindir;ated.

CONCLUSION

}if1hile there is no operotion:ll n~d to inc:-mse th:2 hum:m cposure limits, neither

for' occ:upntion:lI or non oc:cu?~tionnl exposures~ whil~ ~lere Is inc~sing

evidence oC h:lnn to humnn h~lth from "wen;, el'!etromngnetic: fields no.incr-:=nse

enn be supported.
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